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ABSTRACT: 

PURPOSE: To produce a carbon thin film having high hardness by forming an amorphous 
carbon thin film in a plasma treatment device so that the film has a specified 
range of peak area ratio of SP3/SP2 in the absorbance peaks measured by IR 
absorption spectrum. 

CONSTITUTION: The plasma treating device is equipped with a vacuum chamber and 
electrode 1 which can be evacuated to the pressure lower than the atmospheric 
pressure and can produce plasma by applying high voltage, a ground electrode 3, a 
disk substrate 2 to be treated, a third electrode 12 on which DC voltage is 
applied, and a device 4 to apply DC positive voltage. Further, the treating device 
is equipped with a chalk coil 9, a high frequency power supply 5, a blocking 
capacitor 10, an evacuating mechanism 7, etc. Plasma is produced by introducing CH4 
gas into the device, controlling the flow amt . and the evacuating rate to obtain 
const, pressure, and applying high voltage. An amorphous carbon thin film having 5 
to 11 peak area ratio of SP3/SP2 absorbance peaks in the IR absorption spectrum is 
formed to make the wear rate minimum. 
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BASIC-ABSTRACT: 

An amorphous carbon thin film has peak area ratio of SP3/SP2 IR absorbence peak of 
5-11. It is formed using plasma treatment appts. including a vacuum vessel, an 
exhaust means to maintain pressure within vacuum vessel lower than atmospheric, an 
electrode to generate the plasma in the vacuum vessel and a means to supply the 
gaseous material to the plasma generating portion. 

USE - Used to mfr. magnetic recording medium having high hardness amorphous carbon 
thin films. 

ADVANTAGE - The thickness of carbon film as a protective film can be reduced and 
read/write characteristics can be improved so that high recording density film is 
enabled. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention - high - it is related with the magnetic-recording medium which 
has a hard amorphous carbon thin film, and its manufacture approach and manufacturing installation. 
[0002] 

[Description of the Prior Art] The thin film coating technology to the processed substrate using plasma 
treatment equipment is widely used for the thin film formation in a magnetic disk or an optical disk 
using the spatter, the CVD technique, etc. 

[0003] Especially, in RF plasma CVD, the method of performing etching and ion assistant membrane 
formation by high energy ion is well-known as indicated by the open patent official report No. 83471 
[ Showa 62 to ], and membrane formation of reactive ion etching or the high degree-of-hardness carbon 
film is performed. 

[0004] However, there are many also scientifically not clear points about the membrane formation 
process on a processed substrate, and the relation between the ion active species attacked to a processed 
substrate and the membraneous quality formed is not clear. Although the usual plasma-CVD processing 
processes a processed substrate in either on the electrode of the side which impresses an earth side 
electrode top or high frequency, it is considered that membrane formation processing is performed by 
the cation accelerated with a neutral radical particle and a sheath in this case. For example, from a 
measurement result, it is the neutral radical particle and the main ion ** of the ion energy analyzer in the 
plasma-CVD processing using CH4 gas. 
+ + 

tttvTit, ch 3 , c 2 h 5 ox^?h)i&mb®&i!)m<mmfsti, ie^t* 

It can check that membrane formation mainly concerned with N is performed. 
[0005] Under the present circumstances, although dehydrogenation from a film front face was 
performed in order to urge membranous hard-ization, the ion accelerated with bigger potential was 
driven into the film front face as an approach of performing this. However, on the film front face, as 
shown in drawing 1 , since the rate that a double bond is generated in connection with dehydrogenation 
also became high, it also became the cause which graphite-izes membraneous quality. That is, since 
there was much absolute magnitude of H in the intramolecular which constitutes the film, the increment 
in the double bond accompanying dehydrogenation occurred, and the situation which cannot do the film 
of C single bond subject with few amounts of H easily was suited. 
[0006] 

[Problem(s) to be Solved by the Invention] As described above, in the conventional plasma-CVD 
technique, the main ion active species used at the time of membrane formation are the cations containing 
many H atoms, and the situation which cannot do the film of C single bond subject with few amounts of 
H easily was suited. 

[0007] It is performing alternatively membrane formation using the anion C~ and CH~ which are the ion 
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active species which does not contain many H atoms, in this invention. The absorbance peak area ratio 
of SP3/SP2 which obtained the film of C single bond subject with few amounts of H, and were 
calculated from IR (infrared absorption spectrum) about the formed membraneous quality, It aims at 
obtaining the magnetic-recording medium which has a **** quantity degree-of-hardness thin film 
quantitatively and synthetically from the rate (Hydrogen Forward Scattering law the amount of 
hydrogen measurement) and Raman spectrum of H. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention drew the 
anion near to a substrate front face by equipping with the device in which forward direct-current bias is 
impressed to a part for the processed substrate attaching part in ion plasma treatment equipment, and 
formed membranes using this alternatively. 

[0009] Specifically, set the number of hydrogen atoms which it is C~ or CH~ which can be checked if it 
anion-izes and exists in the plasma when CH4 gas is used as reactant gas, and is attached to per C atom 
to the plasma CVD which does not perform the conventional ion selection. 

+ + 

*f *>rt#T»o&CH. , C 2 H 5 Ctt«LTl/2&T<hfc£o ^SDH 

If the membrane formation approach using an anion is used as shown in 2, the absolute magnitude of the 
hydrogen contained in the film will decrease. The dehydrogenation in the film using high energy ion 
becomes unnecessary by this, and generation of the double bond accompanying it will be controlled. 
[0010] Therefore, it can become possible to make it fewer than the case where the amount of hydrogen 
per unit volume in the film uses the conventional cation, and, moreover, C single bond subject's film can 
be obtained. 
[0011] 

[Function] According to this invention, the percentage of H in the film of the carbon thin film formed 
under a certain conditions, using an anion alternatively is 30% or less, and the component of a Raman 
spectrum comes to show the property which has only one peak or less [ 1520cm - ] in one. Since the 
structural constituent with it increased as compared with the structure acquired by the membrane 
formation which used the conventional cation because hydrogen and a double bond decrease more out of 
the film, this is considered. [ near / bond order is low and / single bond ] A Raman spectrum can be 
checked also from that there is no peak of spectrum component 15 80cm- 1 corresponding to the flexible 
combination vibration of a double bond, or only one peak being acquired. 
[0012] And a membranous BIKKASU degree of hardness came to have 3000 or more Hvs. 
[0013] Furthermore, the peak area ratio of SP3/SP2 of the absorbance peak searched for from IR 
checked that a membranous wear rate became min in 5-1 1 . The rate of the double bond in the film 
increases and this is considered for a film degree of hardness to fall, when a peak area ratio is five or 
less. When the peak area ratio which SP3 component (it terminates from hydrogen.) observable by IR 
increased on the other hand is 1 1 or more, island-like SP3 component will increase and the network of 
association will be controlled. Therefore, it becomes a thing near the mixed film of a hydrocarbon 
compound in membraneous quality, and since a film degree of hardness falls, it is thought that a wear 
rate increases. 
[0014] 

[Example] Next, the example of this invention is explained. 

[0015] Drawing 3 shows the configuration of one example of the plasma treatment equipment for disk 
substrates of this invention. 

[0016] The plasma treatment equipment by this invention can be exhausted to the pressure below 
atmospheric pressure at least. And a vacuum tub-cum-the electrode 1 for impressing the high voltage 
and generating the plasma, The 3rd electrode 12 which holds the earth side electrode 3, the processed 
disk substrate 2, and this, and impresses a direct-current forward electrical potential difference, The 
insulating material 1 1 for insulating inter-electrode with the direct-current forward electrical-potential- 
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difference impression equipment 4 for impressing, a choke coil 9, and RF generator 5 for impressing 

high-frequency power to said electrode 1 and a blocking capacitor 10, It consists of bulbs 8 into which 

the gas installation device 6 for introducing a gaseous substance into a plasma generating field, the 

exhauster style 7 for holding the electrode [ a vacuum tub-cum-] 1 interior below to an atmospheric 

pressure, and a vacuum tub-cum-the electrode 1 and the exhauster style 7 are divided. ^ { ( 

[0017] In this equipment, CH4 gas was introduced as reactant gas, and a flow rate and exhaust velocity /7V^ 

were adjusted so that a pressure might become fixed 6.7Pa. Then, the high voltage with a frequency of ^ 

13.56MHz was impressed and the plasma was generated. Effective power was 2kW. 

[0018] Then, it considered as the condition of having impressed forward direct-current- voltage 400V to 

the processed disk substrate 2. As a result of forming membranes in this condition, the data of formed 

Raman are shown in drawing 4 (a), here - a Raman spectrum 1520cm- the property which has a peak 

in per one was acquired. In addition, Raman's data obtained when a choke coil was removed for 

reference, having used direct-current bias equivalent to the conventional approach as 0V are also shown 

in (b) in drawin g 4 . It turns out that the peak location has shifted more clearly than this comparison. 

[0019] Next, the relation between the rate (Hydrogen Forward Scattering law the amount of hydrogen 

measurement) of H in the film at the time of making direct-current bias voltage increase and making the 

energy of ion active species increase and Raman's peak location is shown in drawing 5 . forward [ from 

this Fig. ], and negative ion - when any were used, the rate of the amount of H in the film showed the 

inclination of reduction by the increment in energy (increment in a direct-current bias value). On the 

other hand, the inclination for the peak location to shift the peak wavelength location of a Raman 

spectrum to the number side of tidal waves with the increment in energy was seen. Generally, that 

Raman's peak shifts to the number side of tidal waves means the increment in a cluster of the carbon 

which means graphite-ization of membraneous quality and has C=C association. Therefore, it is low in 

the rate of H in the film, and the intersection of both characteristic curves is chosen as the best point for 

stopping double bond C=C low. Then, it compared about the best point of the characteristic curve at the 

time of using the case where a cation is used, and an anion. Here, the direction when an anion is used for 

the amount of hydrogen in the film was or less 1/2 extent as an absolute value. About Raman's peak 

location, the film which formed membranes using the anion has checked that it could have a peak in a 

low wavelength side from the case where a cation is used also to which ion active species energy. 

[0020] Next, the relation between a film degree of hardness and the energy of ion active species is also 

shown in drawing 6 . Here, the film degree-of-hardness characteristic curve with a peak of the energy 

value of ion [ in / respectively / in the property of a cation and an anion / the intersection of H 

characteristic curve in drawing 5 and the Raman peak characteristic curve ] was acquired. It considered 

as the absolute value of a film degree of hardness, and high BIKKASU degree-of-hardness 4500Hv was 

obtained 1500 Hvs from the film with which it is obtained when the direction when **** uses an anion 

uses a cation. 

[0021] Moreover, when SP3 / SP2 peak-area ratio of IR (infrared absorption spectrum) absorbance peak 
acquired from this invention used the high hard film of 5-1 1 as a protective coat of a magnetic-recording 
medium, as for the wear rate, min was shown as shown in drawing 7 . Furthermore, by the protective 
coat which the sliding-proof nature obtained by 20nm of thickness in the protective coat using the 
conventional cation and abrasion resistance formed using the anion of this invention, the equivalent 
result was obtained by lOnm of thickness. 

[0022] As the 2nd example, it experimented by using CF4 gas for reactant gas with the equipment of 
drawing 3 . C film using the anion which used as the main components F~ made by CF4 gas 

+ + 

^mt^^Ttt, IE-f^>CF 3 , CF 2 *mi*fryym&cm$<DF&ff&t 

It compared, since it became lower F content, it was easy to generate the steric hindrance by C atom as 
shown in drawin g 9 , and the stable film with a more high degree of hardness was obtained, in addition - 
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- drawing!-- forward -Io >CFl ' CFl M«»»iiM»T M . 

[0023] Drawing 10 shows the configuration block Fig. of one example of the plasma treatment 
equipment for disk substrates which can carry out double-sided simultaneous processing in this 
invention. It was made for interference between plasma not to generate the plasma generated on both 
sides of a substrate here by performing matching adjustment with a phase contrast signal generator in a 
disk core hole etc. 

[0024] Next, the sectional view of the magnetic-recording medium which has a high degree-of-hardness 
thin film by this invention is shown in drawing 1 1 . Here, it has adopted as a protective coat 14. 
[0025] 

[Effect of the Invention] according to this invention — high — the degree of hardness carbon film can be 
formed. Therefore, the membrane formation which-izing of the carbon thickness could be carried out 
[ thin film ] in the magnetic-recording medium, and high-recording-density—ization-corresponded with 
improvement in a read/write property is attained. 



[Translation done.] 
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